Abstract. We report a case with insulinoma diagnosed and localized preoperatively using a combination of contrastenhanced ultrasonography (CEUS) and arterial stimulation and venous sampling (ASVS). A 76-year-old woman was admitted to our hospital because of hypoglycemic attacks, delirium, and dementia. Fajans' ratio, Grunt's ratio, and Turner's ratio, which are reported to be indexes for endogenous hyperinsulinemia in insulinoma, were all negative. Imaging tests, including computed tomography, magnetic resonance imaging and angiography, failed to detect any abnormalities. CEUS showed a small low echoic lesion in the pancreatic body with blood flow and ASVS showed that the insulin levels in the hepatic vein were extremely increased by calcium injection to the splenic artery, indicating an insulinoma in the pancreatic body preoperatively. An open intra-abdominal operation was performed and an insulinoma was confirmed in the pancreatic body. Enucleation of tumor was undertaken and symptomatic hypoglycemia improved.
HYPOGLYCEMIA is often caused by various geneses, such as drugs, insufficiency of counter-regulatory hormones against hypoglycemia, and hyperinsulinism by several diseases. Hypoglycemia sometimes leads to fatal damage, especially brain damage such as socalled hypoglycemic encephalopathy, and is often associated with deep coma. These geneses should be distinguished when making a diagnosis and determining therapy for hypoglycemia, but there are very few methods available.
Insulinoma is the representative disease which causes hypoglycemia, but it is very difficult to diagnose and localize a small insulinoma with hypoglycemia preoperatively, especially less than 15 mm [1] , even using various methods including computed tomography (CT), magnetic resonance imaging (MRI), angiography, ultrasonography, glucose tolerance testing, intravenous glucagon testing, and percutaneous transhepatic portal vein catheterization.
In the present paper, we reported a case in which the combination of contrast-enhanced ultrasonography (CEUS) and arterial stimulation and venous sampling (ASVS) was useful to diagnose and to localize an insulinoma preoperatively.
Case Report
A 76-year-old Japanese woman was admitted to our hospital for hypoglycemic attacks and delirium in June 2002. Twenty days before admission to our hospital, she had been admitted to another hospital because of syncope attack due to hypoglycemia (her plasma glucose (PG) was 18 mg/dl). The fact that she had hypoglycemia was unknown then as she had dementia and no family. After admission to her former hospital, she showed frequent hypoglycemic attacks and delirium, and was treated with continuous intravenous glucose infusion, but her symptoms did not improve. Her laboratory data did not show any abnormalities except hypoglycemia. Gastroendoscopy, computed tomography (CT) and ultrasonography also revealed no remarkable findings.
On admission to our hospital, her height was 142 cm and body weight 43 kg. Blood pressure was 116/66 mmHg. On physical examination, heart, lungs and abdomen were normal.
Laboratory tests were performed on admission ( Table 1 ). All blood samples were drawn at 6 a.m. (before breakfast) under treatment with continuous intravenous glucose infusion. After admission, she had frequent hypoglycemic attacks and delirium. During episodes of hypoglycemia, Fajans' ratio (IRI/PG; criteria for insulinoma; more than 0.3), Grunt's ratio (PG/ IRI; less than 2.5) and Turner's ratio ((IRI × 100)/(PG-30); more than 200) were not sufficient to apply the classical criteria for insulinoma (Fig. 1) . Hormonal examinations of the present case are shown in Table 2 . Her prolactin level was elevated. Hyperprolactinemia was considered to be induced by the use of quetiapine fumarate, with which her delirium was treated in her former hospital and on admission to our hospital. Noradrenalin and gastrin levels were also elevated, which were considered to be induced by hyperinsulinemia.
An electrocardiogram showed sinus tachycardia. Chest and abdominal X-ray tests showed no remarkable findings. Cervical ultrasonography and brain MRI also showed no remarkable findings. Enhanced abdominal CT, abdominal MRI and angiography failed to detect any abnormalities except liver cysts (Fig. 2) . Abdominal ultrasonography revealed a small low echoic lesion, which mimicked a pancreatic cyst, in the pancreatic body. Thereby, contrast-enhanced ultrasonography (CEUS) with enhancement material consisting of galactose microaggregates (99.9%) with a small admixture of palmitic acid (0.1%), was performed and detected blood flow both inside and around the lesion (Fig. 3A) . Arterial stimulation and venous sampling (ASVS) with selective intraarterial calcium injection (SICI) was subsequently performed as described previously [1] . Briefly, a 5 ml bolus of 0.025 mEq Ca 2+ /kg of calcium gluconate diluted with saline was injected into each of the following: the gastroduodenal artery (GDA), superior mesenteric artery (SMA), splenic artery (SA), and celiac artery (CA). In the present case, we performed the injection not in hepatic artery but in CA for the detection of liver metastasis as she had the anomaly of a right hepatic artery branched from SMA. Blood samples from the right hepatic vein were taken prior to and at 30, 60, 90, 120 and 180 seconds post-injection to measure IRI and CPR levels. Remarkable increases of both IRI and CPR levels were observed by the stimulation of SA, with no change of IRI and CPR by stimulation of GDA, SMA and CA (Fig. 3B) . These results suggested an insulinoma located in the body of pancreas, with no metastasis including the liver. Enucleation of the tumor was performed in August, 2002. The macroscopic appearance of tumor is shown in Fig. 4A . Her PG level improved to within the normal range soon after the enucleation, and her hypoglycemic attacks and delirium were also not observed after the operation even without continuous glucose infusion. Pathohistological and immunohistological examinations showed an adenoma originating from the islet cells (Fig. 4B, left panel) , which expressed insulin, but not glucagon, somatostatin, or gastrin (Fig.  4B, right panel) . Finally, the diagnosis of insulinoma was made.
Discussion
Insulinoma is a disease characterized by frequent hypoglycemic attacks. Operation is first selected to treat this disease and therefore it is important to clarify its localization. However, because insulinoma is often elastase I (ng/dl) (100-400) 180
Fig. 2. Imaging tests in the present case. (A) Enhanced abdominal CT showing no abnormal findings other than liver cysts. (B) and (C) Abdominal MRI showing no abnormal findings other than liver cysts ((B): T1-weighted imaging, (C): T2-weighted imaging). (D), (E) and (F) Angiography showing no tumor stainings ((D): splenic artery, (E): superior mesenteric artery, (F): celiac artery).
recognized as a small tumor, it is very difficult to distinguish insulinoma from other diseases which cause hypoglycemia and to detect the tumor by imaging tests including CT, ultrasonography, angiography and MRI.
In the present case, other diseases which cause hypoglycemia, such as malabsorption syndrome, insulin autoimmune syndrome, malignancy and the insufficiencies of counter regulatory hormones against hypoglycemia, were ruled out by her laboratory data. We suspected that her disease was either insulinoma, islet hypertrophy or adult-onset nesidioblastosis.
Previous reports demonstrated that some indexes calculated by PG and IRI, including Fajans' ratio [4], Grunt's ratio [5] and Turner's ratio [6] , are specific to detect the relatively higher IRI levels compared to PG in the cases of insulinomas. In the present case, however, these indexes were all negative. We concluded that these indexes are not very useful to diagnose hypoglycemic patients like the present case. On the other hand, several stimulation tests, such as oral glucose tolerance test, intravenous glucagon testing and intravenous arginin testing, were often performed to detect the existence of insulinoma, but these tests were sometimes reported to fail to detect insulinoma [7] .
In 1987, Imamura et al. first reported that the technique of ASVS was a useful method to detect the localization of islet tumors [3] . Moreover, in 1991 Doppman et al. reported that ASVS technique with SICI is the most effective to localize occult insulinomas [1] . Recently, Tsuzuki and Ishii reported ASVS technique could detect 97% of insulinomas in 358 cases reported from 1991 to 2000 in Japan [7] . To date, ASVS technique with SICI is considered to be the best preoperative method to detect insulinoma. This method, however, needs to use the combination technique of intraarterial and intravenous catheterization, which is more invasive than other imaging tests, such as ultrasonography, CT and MRI, and should be employed only when those other tests fail to reach a correct diagnosis. Therefore, we first tested CEUS, which did not reach a definite diagnosis of any disease but suggested a probable diagnosis of hypervascular tumor such as insulinoma, and subsequently ASVS was performed to make a definite diagnosis of insulinoma. In ASVS, it is reported that the stimulation of SMA/GDA, SA or proper hepatic artery can detect insulinomas located in the head, in the body or tail of pancreas or in the liver, respectively [1] . Because remarkable increases of both IRI and CPR levels were observed by the stimulation of SA but not by the stimulation of GDA, SMA and CA, ASVS indicated an insulinoma isolated in the body of pancreas, with no metastasis including the liver.
Insulinoma is a hypervascular tumor which can often be detected by enhanced CT or angiography, but the sensitivities of these tests were insufficient (80.0 and 69.3%, respectively) [7] . Karasawa et al. first reported that CEUS with enhanced material could reveal additional flow signal in the center of insulinomas and suggested it may be more useful to detect blood flow signal than angiography or CT [2] . In the present case, because CEUS could show the minimal blood flow signal, which could not be detected by any other tests, in the body of pancreas, and because subsequent ASVS with SICI revealed remarkable increases of both IRI and CPR levels only by the stimulation of SA, we could definitely diagnose her as insulinoma of pancreatic body preoperatively. The enhancement material used to perform CEUS in the present case is one of the clinically useful microbubble agents that produces small stabilized air microbubbles with a mean diameter of 1-2 mm [8] ; as a result, ultrasonography technique enabled us to view continuous images of the lesion from several angles with relative ease compared to other imaging techniques. This confirms that CEUS has the higher resolution described in previous reports [2, 8] . We recommend that a very small and low echoic lesion of pancreas in which CEUS shows hypervascularity should be strongly suspected to be islet cell tumor, although the utility of CEUS is insufficient in the case of multiple lesions. Multiple endocrine neoplasia type 1 (MEN 1) is an autosomal-dominant syndrome associated with neoplasia of pituitary, pancreas and parathyroid. Insulinoma is occasionally associated with MEN 1. In the present case, we considered that she did not have the association of MEN 1, because cervical ultrasonography and brain MRI showed no abnormalities including parathyroid tumor and pituitary tumor.
Although it is reported that even ASVS may not be able to distinguish insulinoma from islet hypertrophy or nesidioblastosis [9] , the present case supports the usefulness of the combination of CEUS and ASVS to diagnose very small insulinomas compared with other stimulating tests and/or other imaging tests, and to avoid blind pancreatic resection and resurgery.
